


optmum treatment rate moves toward the mnmum treatment rate of 16.3 The addton ofoperaton and 
mantenance costs aso shfted the optmum rate toward 6.3 as shown beow:Optmm treatment rate 

Mga/dUnt 
treatment Usng amortzed 

Usng totacost, capta costs annua cost35 000 
260 9540 000 220 6.345 000 6.3 6.3EXAMPLE 

PROBLEM 7-5: LAND TREATMENT 
OF Determne 

the 

and requrements for wetands, rapd nftration, 
and 

overand fow andtreatment systes Show the maxmum and mnmum and requrements based on annua and 
weeklyappcaton rates.. Dranage area WOO acres.2- coefficient 0.503. Averae annua rainfal 

44 n.4. Use the 
design 

crtera shown 1n 

Tabe 8.Assumptons. The desgn 

weeky ranfal equas the tota 

storm rainfa of .6 in. as shown in 

Figure 7-1.2. The effects of storage or fow 

attenuaton 
are 

not consdered in determnng the and requrementsusng the weeky ranfa rate.Soution. Determine the 

annua and the weekly voume from the 000 acre area. (44 (0.50) (000 acres) (43 560 a. Annual runoff 
———————2~1n ft—————————— 79.86 

0 

(.6 0 50) acres) (43 56 Meeky runoff ———————12 in7ft—————————— 2.90 x 0 

2. Determne the maxmum and minmum and requirements 
for wetands treatment, using desgn criterafrom Tabe 8.a.7 

f/vMaxmum 
land 

requrement 4 ft/yr 9.97 x 0 fttx or 458 acresb. inimum and requrement .39 x 06 ft or 32 acres Compute 
the 

annua appcaton 

rate at the mnimum and requrement condton.aximum annua appcation rate , —— (32 acres) 43 560 ft/acre) 
57 ft/yr265 



3. Determne the maxmum and mnmum and requrements and the maxmum annua appication rate for arapd 
inftration system. 79.86 

10, and requrement 
————— 3.99 0 ftor 9 acres (2.9 x 0 

12) 
Minmum and 

requrement 

—————————— 2.5 x 0 ft=6.7 acres 79.86 x 0 Maxmum annua application rate ° 6.7) 

(4 560 273 4. 
Determne 

the 
and mnium and 

requrements and the maxmum annua appcatonrate for an 
overand fow 

system.79 66 x 0a. axmum and requrement ————— 7.99 x 0 ftor 83 acresb. Mnmum land requrement ( 2.8 x 0 ftor 50 acres79 

x 0c. Maximum annua appcaton rate f43 37 

The ranges of 
appcation rates 

presented n Tabe 8 were deveoped for muncpa 

waste-water treatment 
systems 

and, therefore, shoud serve as frstcut gudes unti more 
detaedstudes 

using 
and 

treatment processes for controing are evauated [78 Theseranges refect wde variaton n 
soi types, permeablity, sope, cimate, and vegetatoncover. In ths exampe the range of annua 

appcaton rates was narrowed by consideringand area requrements based on a desgn weeky ranfa 
rate. The and requirements forwetands range from 3 to 46 of the watershed area. Ths and, 

however woud mostprobaby be exsting marsh or unusabe and areas receivng discharges drecty.or 
at best an existng marsh operated under a controlled mode of appication. Land require¬ments for rapd Infitraton range from to 9. and for overand fow from 5 to 81 of 

thewatershed area. These and treatment aternatves woud require usable or andand thus may be 
mted by and avaabity and costs.As with boogica treatent systems, overand fow systems were 

deveoped for continuous applcaton to maintan vable bologica mass supported by the grass 
structure.Because of the intermittent nature of ths type of syste s reduced to agrass fter 

for stonnwater fows because of th ength of tme required 

to deveop,stabze, and sustain a bioogca mass. Suppementa water may aso be requred to 
maintangrass growth durng ong dry periods. Dfficutes may with other and treatmentmethods due to 

the varabty and characteristcs of maybe required for rapd infitration systems to prevent coggng of the soil by high suspendedsoids oads.266 



SECTION 

8SYSTEM 
APPLICATIONSAs 

has been indicated in prevous sectons, there is no one snge method thats a 
panacea to a combined sewer overfow or storm drain discharge probems.The size 
and complexity of urban management programs are such thatthere is a need 

for an ntegrated approach to their souton. The type ofprobems associated 
with any given community is dependent upon a number ofvariabes; as a resut, 

the souton for a community must be deveoped to fitthe needs of that particuar 
urban area. The soution is. most often a comb¬naton of various best management 

practices and unit process appications.Important considerations with 

respect to deveopment and mpementation of anurban runoff management program 
are the reguatory constraints and pubicattitudes on pouton and envronmental 

obectves that must be met. Oftenthe constraints and attitudes are subject 
to change with time. This canresut in ateration of the ground rues for 
engineering assumptons so thatprograms acking fexibiity may be, or some 

cases, have been grossyoutdated before impementation can be effected. Thus, 
the poitical,economc, and environmenta constrants affecting an 

urban runoff managementprogram must be monitored continuousy so that the programs 
can be updated ormodfied as necessary.CASE STUDY DESCRIPTIONSThe presentation 

of each management 

system appcation is 

organizedinto sx parts: () problem identification, (2) counter-measure phiosophy,(3) 
design description, (4) cost data, (5) performance and maintenance, 

and(6) ongoing projects. A variety of system appications are described 
rangingfrom major urban metropoitan areas to sa suburban communities.Boston, 

MassachusettsCombined sewer overfows have contributed to the 
deteroraton 

of 
ndustria,commercia, 

and recreationa resources of oston Harbor and the riverstributary to it 
[ Primary treatment s provided to the intercepted fowsat two treatment 

pants. However, numerous ocations sti existin the Boston Harbor area where, 
durng rainstorms combined sewage overfowsinto the receivng waters 

untreated. 
These resut in bacteria poution,floating soids, sicks, and sudge deposts.A 

wet-weather fow master pan, based argey on preiminary Chicago deeptunne 
studies (discussed ater in this section), 

was presented to the City ofBoston in 1967 [2 Four aternatives were studied: 
() compete separation,267 



(2) chorination detention tanks, (3) surface hoding tanks, and (4) 
deeptunnes. 

The deep tunne aternative was presented because it appeared tooffer 
the best and on feasible method for the compete elimnation ofoverfows. 
However, foowing continued review and study of the probems, ademonstration 
surface detention and chorination faciity was paced intooperaton n May 

1971 at Cambridge, Massachusetts (the Cottage Farm CombinedSewer Detention and 
Chorination Staton) indicating a viable aternative tothe deep tunne pan.In 

975, the combined 
sewer 

overfow probem was reviewed again in conjunctionwith the needs for the 
Boston 

Harbor-Eastern Massachusetts Metropolitan Area[1 The major alternatves 
were (1) sewer separation, 2) overflowdiversions via Boston's proposed 

deep tunne pan, and (3) intermediateapproaches of a decentraized 
nature. The recommended course of action was toupgrade the two existing treatment 

pants to secondary treatment and to beginfaciities planning for projects 
identified in the decentrazed pan forcombined sewer overfow reguation. The 

decentraized pan would continuepresent remedial practices and aow piecemea 
mpementation with immediate for solving high priority probem areas. The 

present plancals for consolidation of the combined sewer outfas int severa 
groups,each of which woud be connected by conduits to transport overfows 

toreguation faciities for treatment and discharge.Treatment woud consist 
of several detention faciities located throughout 

thearea where the fow woud be stored or, dependng on the magnitude of thestorm 
event detained prior to discharging the overfow. The flow would 

bedisinfected 
by introducing chorine upstream from the tanks. The tanks wouldbe 

designed to provide 5 minutes detention for the peak design flow. Thetanks 
woud incude foating scum baffes and screens instaled between thescum baffe 

and the overfow weir to poish the overfow before discharge.The stored fow 

woud be returned to the interceptor to receive secondarytreatment at one 
of 

the two treatment plants.According to the Report:...the argest benefits 
in polution reduction in decentraized 

sytemswi 

probaby come from 
first 

fush capture and diversion to the dryweather fow treatment pant and 
through sedimentation, skimming anddisinfection as a resut of detaining 

overflows, whie other treatmentprocesses wi be empoyed where such 
prove to be necessary for furtherpoishing. []The total cost for the 

various aternatives ranges from 54 to $279 milion 2000) excuding projects 
currenty 

underway 
(separation in portions ofCambridge and and construction of the 

Chares 
River Station Project).Chicago, IllinoisIn 967, the Metropolitan Sanitary 

District of Greater Chicago initiated its facilities planning 
study with a 10 year ceanup and food 

controlprogram. 

A maor study 

to develop a comprehensve program for the 972 k268 



(375 mi combined sewer area was competed in 1972. The program, presentybeing 
mpemented, is the Tunne and Reservoir Pan The objectves ofthe program 

are:...to 
minimize 

the 

area's poutant discharges and the foodng caused byoverfows of mixed 
sewage and emnation of the need toreease pouted rver and cana food waters 

nto Lake Michigan. [3]This final TARP is a combinaton of severa 

aternatve 
pans designed tocolect rban durng a wet-weather condtons except 

those storms ofa magntude equa to the three most severe storms recorded to date 
by theNatona eather Servce.Four tunne systems comprise the TARP. Each 

tunne system conssts of 

threecomponents: 
reservors, conveyance tunnes, and sewage treatment pants. Atota 

of three reservors, 20 km (25 mes) of conveyance tunnels and fourtreatment 
plants are incuded in the plan. The combined storage capacity ofthe is 

approximatey 67 750 000 m3 (44 30 of which 1 350 000 m(3 000 ) is tunnel 
capacity. The tota storage capacity is equivalent to17.3 cm (6. n.) of runoff 

from the combine sewer area, wth .2 cm(0.46 in.) of runoff capacity in the 
tunnes aone. The tunnels, located 46to 88 (150 to 290 ft) beow ground 

evel, range in size from 5 to 0.7 (17 to 35 ft) in diameter. The tota planned 
treatment capacity wi11 beapproximatey 96.4 3/s (2200 Mga1/d) of which 

9.2 m3/s (2150 Mga/d) isexisting. The treatment rate woud be approximately 
3.8 (725 Mga1/d) or about 0.5 times average dry-weather flow. More 

than 
640existing overfow ponts wil be eliminated by the TARP systems. The 

sub¬systems common to a TARP tunne systems ncude drop shafts, 
coectingstructures, 

and pumping stations. Pumping stations wi11 be constructedunderground 
at the end of a1 conveyance tunnel routes and adjacent to astorage 

reservoirs. These stations wi be sized to allow fu tunne tobe 
emptied 

within to 3 days.In addition, aeration at more than ten ocations 
along 

the ChicagoRiver and Calumet Sag Channe are planned to aow the Iinois 

standards fordissolved oxygen 

concentrations to be met.The Phase I system (tunnes and pumping stations 
without reservoirs) s underconstruction currently. The TARP costs are estimated 

at $2 553 200 000 2000). The breakdown is 

as foows:Conveyance tunnes $ 869 800 000Instream aeration 14 000 000Treatment 
plant upgrading 986 9O 00Reservoirs and flood contro 682 500 UO$2 553 200 

000Additiona costs such as sewers, 

soids disposa, Treatment Plant, 
and food control wi raise 

the tota cost to $2 97 400 000. To 
date,approximatey $45 000 000 of tunne 

construction has 

been completed andanother $00 000 000 is under construction,269 



It is projected that the Phase I tunnel system, with overfows at the existingoutfals 
unti the reservoirs are copeted, wi reduce the number ofoverflows 

to the river system to about ten per year. This wi resut in a75% reduction 
in the voume of combined sewage overfowing to the river and a90% reduction 

n the combined sewer overfow BOD mass oad to the river.Detroit, 
MchiganDetroit 

is served 

by a combined sewer system and primary treatment plant.In May 966, an 
agreeent between the Detrot Metro ater Department and the ichigan Mater Resources 

Commission requiredthe City of Detroit to take 

immediate steps to decrease the frequency,magnitude and content of a 
combined sewer overflows fromthe Citys sewer system to the Detroit and 

Rouge Rivers. [4]Detroit considered the foowing aternatives to 

meet the agreement:D systems management utiizing sewer monitoring 
and remote contro ofpumping stations and seected reguator gates to affect 

in-system storage,(2) compete sewer separation, (3) retention basins to 
capture storm and (4) the above in various combinatins After review 

of thealternatives the systems management approach was seected for 
mpementationin a demonstration project [4The system developed incudes teemeter-connected 

rain gages, sewer 
evesensors, 

overfow detectors, a centra computer, a centra data ogger, and acentra 
operating consoe for monitoring and controlng pumping stations andseected 

reguating gates. This system has enabed to appy suchpolution contro techniques 
as storm fow anticipation, first flushnterception, seective retention, 

and seective overfowing.The in-system storage potentia at ocations 
where remote contro faciitieswere instaled was 526 500 3 

(39. Mga). In additon, there sapproximatey 58 200 (50 Mga) of uncontroed 
storage in the system.Upon receiving advance information on storms 

from remote ran gages, theoperator initates a sewer procedure to Increase 

the avaiabe insystem storage capacity. This procedure, aong with in-system 
fow routing,has enabed to contain and treat many intense spot storms 

entirey, inaddition to many scattered rains.Since the competion of the 
demonstration project in 197, has continuedto expand the monitorng project [4 The 

change in the system is indicatedin Tabe 

122. The supervisory contro system has been expanded with theaddition of four 
new control panes in addition to the origina three. Remotecontro faciities 
incuding three wastewater pumping stations, fourinterceptor reguators 

three two in-system storage gates, one flowrouting gate, and one suburban 
connection have been added. In addition, foursuburban retention basins 

and suburban pumping stations are now dispayed.The is utiizing sewer system 
monitoring data to (1) aid in the operationof the system, (2) predict and 

verify system response to storm events,270 



(3) estabish priorites for overfow abatement projects, and (4) deveopcomputer 
contro agorithms for the varous remote contro faciities [4]Addtiona 

in-system and offine storage s being investigated.TABLE 22. 

COMPONENTS 
OF THE MONITORINGAND REMOTE 

CONTROL 
SYSTEM ItemRan 



sedimentation generay increased tota remova efficiency by approxmatey 5%over 
reovas due to voumetric retention aone.For 

purposes 

of demonstrating the cost impact of the probem, an approximatecost estiate 
was deveoped for construction of 13 detention tanks to receivefows from a 

combined sewer overfow points on the Miwaukee River in thecity. These tanks 
woud serve an area of 2350 ha 5800 acre). A tanksoud be simiar to the 
Avenue faciity as far as design criteria areconcerned. The impementation of 

such 
a series of tanks woud be expected toreduce the discharge of poutants from 

combined sewer overfows by approx¬matey 80 on an annua basis. The total 
cost 

for the facilities woud beapproximatey $45 050 000. This incudes $28 
300 000 for the tanks, $8 50 000for pumping stations, and $8 600 000 for sewers. 

These costs do not incudeand, right-of-way, contingencies, or additiona 
treatment faciities,At the present time, the city is proceedng with the 

deveopment of a combinedsewer overfow abatement program incorporatin both 
detention facities andother treatment methods.Mount MchiganCombned sewer 

overfows 
from the Cty of Mount 

Cemens pouting the 

CintonRiver ed to a "stipuation" from the Michigan ater Resources Commission 
in967. With regard to combined sewer overfows, the stipuation caled for 

theconstruction of faciities by June 1972. A demonstration treatment faciitywas 
designed to provide treatment to the overfows by means of a series ofaerated 
akeets wth intermediate disinfection, and high-ratepressure filtration 

prior 
to discharge into the Clinton River [6 Thetesting and evauation of this 

faciity was competed in 1973. One of theconcusions reached regarding the 
demonstration project was:The Mount treatment concept evauation indicates 

that it is afeasble and reliabe conceptsampng data has 

demonstrated 
that thecapablity of the treatment concept to acceptably 

renovate combined seweroverfows for fishing and boating and for awn 
sprinking. 

A waterquality parameters, except the toxic and deeterious substances 
parameter(not studied), were met. [6]Annua suspended solids and 

BOD5 
remova efficiencies of about 95 werereported for the demonstration 

coection and treatment 
facility.As 

a resut of the demonstration project findings, the city has developed 
a project for the abatement of combined sewer overflows. It 

wasrecommended that for a 60 ha (1500 acre) portion of the cty a combinedsewage 
interceptor be instaed to collect the overflows and convey them to 

aretention basin, the contents of which would be withdrawn at a sow 
uniformrate for further treatment. For the remaining 240 ha (600 acre area 

sewerseparation by constructing new colecting sanitary and/or storm sewers 
wasrecommended. 

Construction of the citywide project began in 974.The colection 
and treatment project involves the interception of overfows(5 year storm) 
from combined sewers and conveying them to the main pumping272 



station at the retention basn site. The fow w then pass through chambers 
before dscharge to an aerated retentionbasin. Any excess w overfow into 

a basin before discharge tothe Cinton River. wi be wthdrawn from the retention 
basin at aconstant 0.8 m3/s (4 rate and conveyed to the existing 

demonstrationproject site for treatment. (Dry-weather fow 1s now treated esewhere 
aspart 

of the County-Detrot Metro Mater Department Regiona System.)Treatment 
wil ncude clarfication and disinfection; future chemicaadditions for 

phosphate remova occur at this ocation. The water wilthen be discharged 
to three akeets in series. The nitia akeet wi bean aerated "fow-through" 

treatment unit. Effuent fro the fnal akeetwi be fitered through high-rate 
pressure sand fiters before discharge tothe Cinton River. The city has 

designated 
the treatment-park site fordeveopment as recreatona facity. The fina 

akeet is expected to beacceptable for recreationa use and potentia 
use for watering parkandscaping.The tota construction cost for the sewer 

separation and the coection andtreatment faciities was estimated at S5 

0 000. The 

sewer separatonportion was $2 160 000. The tota project costs (incuding 
engineering,ega, fiscal, adminstrative, and property and easement acquistion) 

wereestimated to be 25% of the construction cost. The treatment 
faciities areepected to be on-ine early in 1977.Rochester, ew YorkWithin the 

Rchester Pure aters Distrct, combined sewer overflows representa major oad 

to the Rver, the Rochester of 

LakeOntario, 
and Bay. 

A study completed n ate 976 developed amaster pan outlining the actions necessary 
to achieve a cost-effectivesoution to the receiving water quaity impairment 

caused by combined seweroverfows [7. 8, 9The study was divided into 
three parts:• Monitorng and characteriation of combined sewer overfows 

and thecoection of fied data necessary to characterize the drainageareas 
serviced by the sewerage 

system• Piot pant study to evauate 
the 

appcabiity of aternatives• Appication of mathematica models to 
evauate 

the effect ofcombined sewer overflows on the receiving waters 
to evauate theeffectiveness of 

varous 

abatement alternatives [8]Three cassifications of processes 

were 
pioted: () soids remova;(2) chemical precipitation to 

achieve 
a greater degree of fine solids removaaong with phosphorus 

reduction beow te eve; and (3) finapoishing and 

high-rate 
disinfection to achieve a secondary qualty effluentwith respect 

to and bactera contamination. The processes investigatedwere with and 
without chemica additon, grit sir and primary sr concentrators connected 

n273 



series, dua media fitration, carbon adsorption coumns, and high-ratedisinfection 
with chorine and/or chorine dioxide.The 

aternatives investigated incuded aternatives (sourcecontro measures and 
improved sewer system maintenance practices); minimastructura aternatives 

(improvement of existing dry- or wet-weather storageand treatment faciities); 
and structura intensive abatement aternatives(new storage and treatment 

faciities). Mathematica modes were appied toevauate these aternatives. The 
of the Storm ater ManagementMode was used to evauate the effects of the 

nonstructuraaternatives Minima structural alternatives were evauated 
using the transport bock. To determine the average annua effect of various 
abatementmeasures, the Simpified Mode was used [8]The recommended master 

pan cas for the impementation of interceptorimprovements, 

reguator modifications, bockage of high impacting overfows,additon 
of 

contro structures, implementation of source control reguations,impementation 
of an overa contro system, construction of wet-weathertreatment faciities 

at the existing Van Treatment Faciity (dry-weatherfows) site, and inine 
tunne storage and conveyance. The cost-effectiveoptimum structural intensive 
souton based on the 2 year design storminvoves a 2.05 (275 wet-weather 
treatment capacity and astorage capacity of 227 00 m3 (60 The 

recommended 
wet-weathertreatment facilities are chemicay assisted sedimentation( 

poymer and 40 aum) foowed by high-rate disinfection. Theestimated 
costs associated with impementation of this master pan are$7 40 000 

- 25% for the nonstructural and minimal structura aternativesand $88 570 

000 - 20% for the structural intensive storage and treatmentaternative 
[7 These costs do not incude drainage relief faciities thatare part of the 

costs reported in Section 2.The effectiveness of the proposed master 
pan was reported as follows:...incorporating the nonstructura and minima 

structural recommendationsis projected to 
reduce 

the and (tota nitrogen) annuawet-weather oading to the Genesee 

River 
from approximately 363 600 (800 000 and 9 090 kg/yr (20 000 to 1360 

kg/yr (3000 and 4 kg/yr (250 bs/yr). Ths wil reduce the average 
annuapotential 

of dissoved oxygen contraventions of the Genesee River fromapproximatey 
0 to 1 ..The annual (combined sewer overfow) oading of 

suspended 
solidsto the Genesee River as a result of impementing the Master 

wi bereduced from approxiately 363 60 kg (3 000 000 pounds) to vaue 
ofless than 4545 kg (0 000 pounds). 

[7] Park, CaiforniaThe City of Rohnert Park has separate sanitary and 

storm sewers. However,high wet-weather fows are encountered in the 
sanitary 

sewersduring the rainy season (October through Apri). Approximately 
95% of the274 



average annua ranfa occurs durng this perod. Peak wet-weather fowsexceed 
average dry-weather fows by as much as eight to ten tmes [0A demonstration 

project, competed in 973, was undertaken to determne theeffect of a surge 
facility to provde equalized flows to the dry-weathertreatment pant. 

A unique metho for maintaining the flow of soids throughthe basin was tested. 
One of the objectves of the study was to compare theprimary sedimentation 

tank efficencies for variabe versus uniform flowconditons [10The abiity 
of the 

equaizaton 

basn to produce the design unform was documented. The basn operated ess 
effcenty than a conventiona for suspended solids and BOD5 remova due 

primarily to thevariabiity in the detention time. The removas were 
quite erratic.Foowing competion of the demonstration project Park Joned 

in 
the Regiona Treatment Facilty. Rohnert Park (incudng theTown of and State 

Colege) is imited to an average dry-weatherflow of 0.0 (2.3 and a peak 
dry-weather flow of 0.8 /s(4. to the regiona plant. Peak wet-weather fow 

at 
the od,existing pant site is 0.53 /s (12.0 Mgal/d).The abandoned Rohnert 

Park treatment pant has been converted to a surgefaciity for 
wet-weather flows. The surge facilty has a surge 

basin 
(oldprimary sedimentation basin), a storage basin with two days 

detention 
atmaximum daily fow, a contro buding, and a faciity foremergency 

wet-weather overfow. Most of the components were retained from theabandoned 
plant The storage basin is composed of three earthenbasins approximately 

.5 (5 ft deep with a combined area of 6.9 ha(7 acres). Tota storage 
capacity is 83 300 3 (22 Fows in excessof 0.8 (4. Mga/d) (are diverted 

to the surge facility for storage.When the fow in the interceptor to 
the regiona pant fals beow 0.8 (4.1 fow is reeased from the surge faciity. 

Construction of thesurge faciity was competed in 1976.Construction cost 
for the surge facility was $943 000. This was composed of$390 000 for pumping 

station rehabiitation, $273 000 for the diversionstructure and faciity, 
and $280 000 for storage basin 

earthwork(incudng 
and sludge remova from existing oxidation ponds). MichiganThe 

probem at was typica of most such systems, namey periodicoverfows from 
the combined sewer system The dstribution of the totantercepted fow among the 

34 regulators was nequitabe with somecontributing a dsproportionatey 

large percentage. 

hen fows reached 2.5times the dry-weather fow, the treatment pant capacity, 
a vave on theinterceptor was cosed manuay and the fow from one half 

of the interceptorsystem was pumped untreated to the river. The 
valve was reopened manualyafter the storm when personnel were avaiabe This 

contributed unnecessaryto the amount of wastes discharged through 
overflows 

[1 In 969, it wasrecommended that existing ntercepting and pumping 
faciities 
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utiized to their optimum in conjunction with five new hodingfaciities. 
The hodng faciities were to have a storage capacity of85 00 (22.4 In 

972, folowing 
application 

of the Storm Water Management Mode tosimuate the operaton of the sewer 
system and proposed storage faciities,the pan was revised [2 The revised 

pan 
caled for construction of sevenstorage facilities with a total capacity of 

68 800 m 18.2 MgaD. Inaddition, revisions to existing reguators woud 
add 70 400 m (8.6 MgaD ofin-system storage. The size of the required 

interceptors was aso reduced asa resut of the simuations. The sizng is based on 
the -year storm,4.8 cm (1,9 in.) of rain.To date, one of the storage facilities 

is under construction 

and one abut togo to bid. In each facility, as fow enters the covered 
structure, 

foatingscum and oi baffes rise with the iquid surface to maximze capture 
of thesematerias. Depending on the magnitude of the storm when the basin s 

fied,effuent passes through horizonta screens (.25 cm (0.49 in.) mesh) to 
captureany floatabe and suspended materia not captured in the setting bays 

beforeoverfow 
to the River. Infuent to the facility is disinfected withsodium 

Stored 
fow is into the interceptor folowingthe storm,The capital costs for the 

entire system (seven storage faciities, reguatormodification, etc.) were 
estimated 

at 
$44 80 000.The storage faciities are being designed for mutiple use. The 

twofacilties designed to date include mutstory 

parking 
garage above thestorage and treatment basin,The actua construction 
cost of the Street facities was $5 26 000[13 Approximatey 80% of 

this cost is attributabe to 

the 
storage facity.The remainder is for the parkng garage.The overa performance 

of the facities are estimated to be approximatey30% for BOD and 50% for 
suspended soids remova for the desgn storm. 

Onan annua basis, approximately 90% of the and 92% of the suspended 
solidspresenty discharged to the river would be removed. The basins wicompletely 

contain approximatey .3 cm (0.5 in.) of from the tributaryarea without 
overflowing 

to the river.San Francisco, CaiforniaOverfows occur from San 
Franciscos combined sewer system when ranfaexceeds 0.05 (0.02 When rainfa 

exceeds this amount much of thecitys 

sometime as much as 53 
M/r 

(4 000 fowsuntreated into bay and ocean waters at many points around 
the city.A wastewater master plan for an improved wastewater treatment system 

wasdeveloped by the Department of Pbic Works and its consutants between 
969and 974. Snce 974, parts of the pan have been changed as a 

resut 
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further design and pannng work. As the city proceeds with its 
8-yearprogram, 

further changes are anticipated,The 

master pan contempates the estabishment of two treatment pants: 
adry-weather 

fow facty in the southeastern area of the city San FranciscoBay side) 
and combined dry- and wet-weather fow faciity in the south¬western area 

(Pacfic Ocean side). Both pants wi utimatey discharge tothe ocean via a common 
ocean outfa system. Phase I of the pan is shown inFgure 60 [14Figure 60. 

San Francisco 



transport/storage tunne and pumping facities wi be constructed aong thewest 
side of the city to the nw pant.On the 

bay 
side, the existing 7 900 (9 Mga1/d) southeast treatmentplant wi be 

expanded to include secondary treatment faciities. Theexisting capacity 
wi be expanded to 38 000 m3/s (84 Mga/d) to treat adry-weather flows for 

the east side of the city. The pant wi aso handesludge for the entire city. 

As an interim measure, the existing 260 000 m/s(65 Mga1/d) North Point 
treatment 

pant (dry-weather fows) wi be convertedto treat wet-weather fows for the 
northeastern section of the city. No wet-weather treatment faciites are 

proposed 
to hande fows from the southeastsection of the city during the initial 

phase of the program.The arge underground interceptor sewers 

that ake up the North Shore,Channe, and outfals consoidations and 
the est Side transport witransport dry-weather fows to the treatment plants 

or 
pumping stations, and,during storms, store excess wet-weather flows until 

they can be treated.These facilities with the exception of the Channel 
outfas consoidation,are expected to reduce the number of untreated combined 

sewer overfows to anaverage of one per year. The number of overfows in the 
Channe outfas areais expected to be reduced to approximatey four per year [4As 

part 
of the ong range pan, a tunnel and expansion of the 

treatment 

pant are proposed [15 Untreated wet-weather fows fromthe northeast 
and southeast districts woud be transported to the southwesttreatment plant 

n the crosstown tunne. This tunne woud be designed forboth transport and 
storage. Treatment of wet- and dry-weather fows from thewest side and, during 

periods of storm excess flows from the east sidewould be provded at the 
expanded southwest treatment pant. Wet-weathertreatment capacity at the expanded 

pant wil be approximatey 35.0 m3/s (800Mga/d).The tota costs for the 
first and second stage projects are estmated at$53 300 000 [5 The estimated 

cost 
for 

the 
Phase portion is$308 100 000. At the present time, four of ten 

contracts for the North Shorand Channel outfas consoidation projects 
have been awarded. The tota bidcosts received for these contracts is 25 700 
000 compared to the engineersestimate of $44 750 000. The estimated cost for 

this entire consoidationproject is $86 420 000.A rea time automatic contro 
computer program for inine storage and routingcontro for the North Shore 
consoidation project 

is currenty underdeveopment. The objectives of this program, when utimatey 
appied are: () minimization of overfows, (2) priority of the ocationfor 

discharges when overfows must occur, (3) make maximum use of 
storagefaciities, and (4) make optima use of a faciities [6At present design 

studies for the ocean outfa, expansion and treatmentupgrading aong with sudge 
handing at the southeast pant, faciitiespanning for the 

new 
southwest pant, and the West Side transport and pumpingstation are 

underway. A feasibity study of the crosstown tunne isexpected to start 
shorty.278 



Seatte, WashngtonA 

comprehensive pan for the coection, treatment, and disposa of wastesfrom 
Seatte and other communities wthin the drainage basin was competed in958. Despite 

improvements brought about by the construction pan,Seatte itsef was sti 
pagued by overfows from the 6-year od combinedsewer system. A demonstration 

project was begun in 967 to achieve "theultimate in system storage and 
contro n combined sewer system throughcomputerized total system 

management 
[17 This resulted in thedeveopment known as the "Computer 

Augmented Treatment and Disposal System,"or The CATAD system is a computer-directed 

system 

for maxmum utzaton ofavaiabe storage n the trunk and nterceptor sewers 
to reduce or completeyelmnate combined sewer overfows. The CATAD system utiizes 

a computer-based centra faciity for automatic control of remote regulator 
and pumpingstations. The control center incudes a computer, its associated 

peripheraequipment, an operators console, an interceptor system map 
dispay, 

dataoggers, and event prnters,At the same time that the unicipaity 
of Metropolitan Seattle 

(METRO) 

wasdeveloping the CATAD system, the City of Seattle was proceedng with 
competeor partia sewer separation projects in severa areas of the city The 

endresut was that the CATAD system serves approximatey 5310 ha (3 20 acres)of 
combined sewers. Of the citys tota of 2 060 ha (52 000 acres), thesewer 

separaton area amounted to 7290 ha (18 000 acres).Remote monitoring and 
contro units were provided to 37 remote pumping andreguator 

stations. In addition, six remote rain gages are aso monitored.The CATAD 
system can be operated in three different modes: () oca control,(2) supervsory 

control, and (3) automatic control. Under ocal control eachstation is 
operated independenty by controers within the station inresponse to ocal sensing 

devices. In the supervisory contro mode, stationsare operated 
remotey 

from the central terminal by the operator va the CATADcomputer in response 
to teemetered data. Stations are operated from thecentra terminal under 

program control by the CATAD system computer in theautomatic contro mode.Using 
supervisory control the voume of overflows was reduced by 35 to 50Adding 

automatic control 

strategies improved these reductions to over 90%[18 An optimizing model is 
being developed that is expected to mantain aperformance of at least 80% 

annual overfow voume reducton. Concusionsreached as a resut of the demonstration 
project incude:Loading analyss reveas that 80 to 90% of the peak loading 
has beenreduced, and the peak oading has been shfted 

to a higher rainfal ratewhch occurs less frequenty. Tota loading in 
pounds has been decreasedan average of 58% for ammonia; up to 76% for 

COD.Ranfa ntensity has a considerabe effect on overfows. Consderingthe 
average 

rainfa rate of a storm, the tota system 
reduced 

overfow279 



voumes by 73.6% supervsory contro, 97.2% in automatc contro, and 85.8%under 

combined advanced contro modes.Each 

station 
tended to show a "fingerprint" effect for sequentiaoverfow 

data. This fingerprint was generay unique for each stationand usuay 
repeated itsef for different storm types. The dataindicated that 

the first flush of materias is often diverted to theinterceptor in 
a combined system rather than overfowing to the receivingwater.Overfow 

priorities 

were based primariy upon voume reducton. Statonby station priority 
varied consideraby depending on which poutionfactor was the basis for 

estabishing priority.During the course of the 

study, the River receiving water hasimproved dissoved oxygen content 
by to 2 miigrams per iter. [8The success of the appication of tota 

systems 
management concepts is aidedby the improved surveiance afforded by the 

continuous monitoring capabiity.But the greatest part of the improved performance 
is due to the abiity (undereither supervisory or automatc contro) to ocate 

portions of the sewersystem which can be utiized for storage, thereby 
aowing overburdenedportions of the system to fow more freey [8The 

modifications 
to the existing combined sewer system 

included 
combinedsewer separation work by the City of Seatte affecting about 

25% of thecobined sewers in the area; modifcations to and construction 
ofreguator and pumping stations by the City of Seatte; modification 

ofreguator stations required for CATAD by METRO; and acquisition 
andinterfacing of the teemetry system, contros, and computer for CATAD 

byMETRO. The total cost for the modificatons and acquisitions was$165 650 
000. The cost assocated with just the CATAD system (reguatorstation 

modifications, telemetry system, and contro and computer equpment)was 
$8 390 000. These costs on a unit area basis were 5O/ha and $260/ha$12 

and 640/acre, respectively.The oodlands, TexasA new town The oodands, is 

under development 56 km (35 mi) north 
ofHouston, 

Texas. The town 

contan a1 services of a modern city,including faciities for social, 
recreationa, education, commercia,institutiona, business, and 

industrial 
pursuits. hen deveopment began n972, the 7200 ha (7 780 acres) 

was just heavy forest. Deveopment wi span20 years and lead to homes for 
approximatey 50 000 peope.The basic drainage system planned for The Woodlands was 

designed on the basisof what was termed the "natura 
drainage" 

concept. This concept conssts ofthe foowing principles:(a) the existng 
dranage system in ts unimproved state s utized tothe fuest extent possible; 

where drainage channes 
need 

to beconstructed, wide, shaow swaes lined with existing vegetation 
are used280 



instead of cutting narrow, deep ditches; drainage pipes and otherfood 
contro structures are used ony where the natura system isinadequate 

to handle increased urban such as in high-densityurban activity 
centers; and fow retarding devices such as retentionponds and recharge 

are used where practica to minimze ncreasesin runoff voume and peak 
fow rates due to development. [9]It was originay estimated that 

utizing the "natura drainage" conceptwoud keep the dranage system costs 

down to about 50 of that forconventiona systems. As part of the 
intia panning, the impact of thepanned urbanization in The Woodands 

community 
was evauated using the Stormater Management Mode The resuts were used 

to 
deveop a program tominimize impact of further deveopment,To minimize the 

amount and rate of increased runoff due 

to urbanization,existing drainage courses are grass covered to sow and 
reduce runoff throughinfitration. Storage reservoirs are used to promote recharge 

of and attenuate runoff. Exampes of the use of natura drainage features 

andstorage reservoirs are shown in Figure 61. Erosion control measures 
inconstruction areas minmze soids oadings in runoff from these areas. 

Thetype and amount of fertilizers, pesticides, and herbicides are controled 
tominimize poution of runoff [20The Woodands terrain in many places is quite 

fat. In a recent review it 
wasreported 

that in such spots, natural drainage has been found to cause foodingof 
[2 

Aso, Houston area officias disike the natura drainageideadrainage swaes and 

ditches accumulate debris and sit, and bushes growthere. Removing the debris 
and bushes is a maintenance cost. These officialsfee sewers are less of a 

probem. The goa is sti to use natura drainagewherever practica, but to baance 

ecoogy with practica economics since noone wants to lve on fooded land.Part 
of the origina intent was to provide and custer housing tokeep the deveoped 

land to a minimum, thus 
minimizing 

the increased runofffrom urbanization. However, many who can afford new 
housing wantsinge-faily housing [2 This may result in smaller percentage 

of TheWoodands and eft in open space than was originay panned. This woudmost 
ikey increase the amount and rate of runoff.SUMMARYFrom the case studies 

presented and summarized in Table 23. is apparentthat a use an integrated 
approach toward soving the polutionprobems. The 

programs 

deveoped by communities with combined sewersgeneraly on structura methods 
to sove the overflow probems. Forcommunities with separate sewers, the 

abatement programsincorporate both best management practices and 
structura solutions. Thisdifference in approaches is probably best expained 

by comparing the typesof communites with combined or separate 
sewers.Most of the combined sewers are found in the oder, hghly urbanized 

cities.As a result, the more easiy and east costy best management28 
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practices such as retention, ersion contro, use of pervious areas forpercoation, 
and use of natura drainage features to attenuate aredifficut, if not 

impossibe, to appy. Thus, reiance on structural methodssuch as storage and 

treatment is necessary. Separate sewers may be found inthe newer portions 
of 

some od cities and in suburban communities. In theseareas, best management 
practces are usuay more easiy impemented.Incorporating best management 

practices into the stormwater abatement programgeneray reduces the need 
for structura soutions.It is noteworthy that a of the 

programs ncorporate storage in one form oranother. Ths aows greater voume 
to be treated than justreyng on the interceptor capacty to convey 

stormwater to treatment pant.In most cases, inine storage is incuded; even where 
offine storage is used.Ths aows the stormwater to be treated using the excess 
capacty atexisting treatment pants or aows the use of smaer new 

treatment plants.The unit capital costs for the programs range from $780/ha to 

$8660/ha($400/acre to $21 for communities with combined sewers. There 
areinsufficient data to determine a simiar range of costs for communities 

withseparate sewers. Direct comparison of the unit costs for the sewer separationand 
coection/treatment options for Mount shoud not be made sinceseparation 

is being done in an area that is primariy industria and openspace. The costs 
for colection and treatment of the combined sewer overfows(n areas where 
this option was seected) were approximatey 30 to 60 of thecost for sewer 

separation in the same areas.285 
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